Abstract. The environmental conditions within an organism's habitat are crucial to its health. Haematological indices provide suitable means for determining environmental influences, the stress of anthropogenic origin and health status of an organism. This study evaluates the variation in blood constituents of Clarias gariepinus individuals who had been exposed to different growth environments. Blood samples were taken from Clarias gariepinus collected from freshwater, estuary and culture ponds. The samples were analysed following the protocol of Baker and Silverton (1988) . The results were analysed using Analysis of Variance (ANOVA) and descriptive statistics, such as percentages and means. Results showed that some of the blood constituents of Clarias gariepinus were significantly (p<0.05) influenced by the fish's environment, sex and size. Freshwater and cultured individuals had higher concentrations of lymphocytes than neutrophils. This finding is most likely observed due to the stability of the two environments, the decreased microbial load of freshwater and the effect of inoculation along the generation line of the cultured species. Neutrophils were more abundant than lymphocytes in the fish from the brackish environment, which is likely due to the environment's unstable conditions. Environmental factors affect haematological conditions, which in turn, are reflected in physiological functions. The sustainability of natural fishery resources depends largely on the maintenance of the natural environment. Because production results only after physiological needs have been met, a significant effort should be made to maintain the integrity of aquatic environments, which is necessary for sustainable fish production, both in culture and in the natural environment.
INTRODUCTION
Fish production has been dwindling over time due to climate change, poor management (Ita, 1982 and Ogutu-Ohwayo, 2005) and indiscriminate harvesting that result in different forms of overexploitation (Balayut 1988, Reynold and Greboval, 1988) . If overfishing, especially ecological forms reflected in the removal of a whole year class or trophic level from a water body, is not quickly curtailed, it can be very dangerous and can result in the loss of year class, trophic cascade, or the development of threatened or endangered species. However, environmental problems are more threatening than overfishing because of their significance in the wellness of a species.
The wellbeing of an organism is influenced by a number of factors that have a significant influence on its physiological condition. Haematological indices are very important in the evaluation of the environment and physiological status and in the diagnosis of diseases in fish (Hrubec et al., 2001; Rehulka, 2003; and Khan, 2010) . The analysis of blood is crucial to ichthyological research, fish farming, toxicology and environmental monitoring as a possible indicator of disease or any other physiological or pathological changes in fish (Adedeji et al., 2000) . Haematological indices provide suitable means for the determination of the environmental influences, the stress of anthropogenic origin and the health status of an organism.
Factors that Influence Blood Properties
Blood properties of fish vary with the species, age, stage of reproductive cycle, state of health (Luskova, 1997) and the availability of nutritious food substances. Ezeri (2001) and Gabriel et al. (2001) studied changes in the blood of Clarias gariepinus that were associated with stress, pollutants, diseases or pathogens. Their results were successfully employed in the monitoring of the responses of the fish to stressors and in the evaluation of their health status.
The environmental conditions within the habitat of an organism are crucial to its well-being because environmental factors affect physiological conditions Ipinmoroti Variation in the Blood Constituents of Catfish (Clarias gariepinus -Burchell 1822) Caught from Different Habitat due to their influence on haematological constituents. Fish species live naturally in freshwater, brackish or marine environments; in an attempt to increase the food supply, humans have devised various means to artificially culture fish within a controlled environment and to exert a greater influence on the natural environment of the fish. Such influences include the modification of the environment through the construction of dams or the diversion of river courses and the dumping of wastes and effluents into water (Moles, 2002) .
However, the negative effects of environmental problems can be curtailed through an increase in the flexibility of ecosystem management and exploitation, a reversal of negative practices that encourage environmental degradation and ecological imbalance and the employment of recreational fisheries, which enhance the adaptability and restoration of the natural ecosystem.
Values of Clarias gariepineus
Fisheries involve the use of a body of water, the fish resources, gear, crafts and other equipment and facilities associated with water recreation. Using recreational fisheries may include passive or active, group or solitary fishing (Ipinmoroti and Ayanboye, 2012) . A recreational fishery is multidimensional and offers social, psychological, therapeutic, physical and ecological value. The development of recreational activities in bodies of water for the purpose of ecological management requires careful planning to ensure sustainability of the practice. One of the various species of fishes identified as suitable for recreational fishing in tropical waters is Clarias gariepinus (Ipinmoroti, 2011) . Clarias gariepinus is a carnivorous species that accepts bait and can grow to large sizes (Holden & Reeds, 1982 and Idodo-Umeh, 2003) . Clarias gariepinus is not only good for games, but it is also a delicacy across the world. Therefore, this study aims at analysisng the blood constituents of Clarias gariepinus that have been exposed to different growth environments. Increased production of Clarias gariepinus is a step towards its development for recreational and nutritional purposes.
METHODOLOGY

Sample Collection
Samples of Clarias gariepinus were collected from fresh water, brackish water and a culture system. Thirty-three live samples were collected from Lake Asejire on the Osun River (fresh water), 30 from the Epe lagoon (brackish water) and 45 from a culture pond. Morphometric data were collected on the samples. 
Blood analysis
Blood samples were taken from the dorsal aorta of the fish samples and fixed with ethylenediamine tetraacetic acid (EDTA). Components of erythrocytes, the Red Blood Cells (RBC), and leucocytes, the White Blood Cells (WBC), were analysed following the methods of Baker and Silverton (1988) . A water quality analysis was carried out via the following: the dissolved oxygen was analysed using a dissolved oxygen test kit (Cole Parmer -Model 5946-75, Munbai, India); pH was measured using a corning portable meter, model PS 15; phosphate and nitrate levels were assessed using the Atomic Adsorption Spectrophotometer (Lumex -MGA91-MD, Petersburg, Russia); sulphate was analysed using the gravimetric method (APHA, 1989 and the salinity was measured with a salinity meter (Hanna -HI2300, Woonsocket, RI, USA). The results were analysed statistically using Analysis of Variance (ANOVA) to determine relationships and descriptive statistics such as percentages and means. 
RESULTS AND DISCUSSIONS
Environmental conditions
The water quality parameters that were measured are presented in Table 1 . The BW had the lowest pH of 7.0 ± 0.11 followed by the FW with a pH of 7.2± 0.32 and then the PW. Dissolved oxygen measured 5.2±0.55 mg/l in the PW and 6.0±1.0 mg/l in the BW, both of which were significantly different from that of the FW (9±0.1.5 mg/l). Phosphate and transparency differed significantly between all the growth environments while sulphate differed significantly between the FW and the BW and between the FW and the PW.
The mean environmental parameters measured in the three growth environments (Table 1) seem to agree with the observations of Edokpayi and Ikharo (2011) on various sections of the Epe lagoon. The pH values for the three growth environments were consistent with the general statement made by Timmons et al. (2002) that the pH of most ground water and surface water is buffered by the inorganic carbon equilibrium system and that they have pH values between 5.0 and 9.0. Significant differences exist between the growth environments in all the parameters measured. All the habitats had higher phosphorous values than the acceptable limit of 0.1 mg/l recommended for moderate primary productivity (Oram n.d.). The dissolved oxygen level was highest in the FW followed by the BW, which indicates that the natural habitats were more oxygenated than the culture environment. High nitrate levels in the BW and PW are possibly associated with human waste, the debris transported down the lagoon (Moles, 2000) and the uneaten protein-based feed in culture. In a previous study on the Epe lagoon, Edokpayi and Ikharo (2011) recorded lower SO 4 values than the present 0.14±0.02mg/l; whereas, Adeleke et al. (2011) recorded higher SO 4 values than the current 0.11±0.38mg/l for the Osun River on which the Asejire Lake was built.
Blood constituents
The blood constituents that were identified in the Clarias gariepinus were RBC, which were the dominant cells, WBC, including granulocytes (eosinophils, neutrophils, and basophils), monocytes and lymphocytes, and platelets ( Table 2 ). The mean RBC values for the FW were significantly lower (5.51x 10 6 mm -3 , p<0.05) than those of the BW (6.63 x10 6 mm -3 ) and the PW (6.44 x 10 6 mm -3 ). The haemoglobin concentration was significantly higher in the BW (13.35 g/dl, p<0.05) than in the FW (12.65 g/dl, p<0.05) and the PW (12.35 g/dl, p<0.05). WBC was 3.75x10 3 mm -3 in the FW, 3.72 x10 3 mm -3 in the BW water and 3.24 x10 3 mm -3 in the PW. The granulocytes were the major constituents of the WBC. Among the granulocytes, neutrophils were the most abundant followed by basophils and eosinophils. However, basophils were not identified in some individuals. The concentration of lymphocytes was the highest in the FW (58.27%) and the lowest in the BW (41.50%). Neutrophils were more abundant in the BW (51.8%) and the least abundant in the FW (39.25%). The lowest monocyte concentration was recorded in the FW (2.83%) and the highest was observed in the BW (3.6%). The mean value of basophils was the lowest in the brackish water (0.2%) and the highest in the pond water (1.6%). Highest eosinophil counts were observed in the pond water (1.93%), whereas the lowest occurred in the freshwater (0.75%). Platelet numbers were highest in the brackish water (2.82x10 2 mm -3 ) and the lowest in the freshwater (2.55 x10 2 mm -3 ). There were significant differences (P<0.05) between the FW and the BW with regard to the values of the RBC, Hb, neutrophils, lymphocytes, eosinophils and basophils. The values of RBC, Hb and eosinophils of the FW individuals also differed significantly from those of
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the PW (P<0.05). Similarly, the concentration of Hb, neutrophils and lymphocytes of the fish in the PW differed significantly from their BW counterparts. Sex was a determinant of the number of WBC (P<0.05) but had no influence on the concentration of the other constituents (Table 3) . Mean RBC, some constituents of WBC (monocytes, lymphocytes and basophils) and platelets were higher in males than in females. 
³)
3.00 ± 2.6 2.5 ± 2.25 Means on the same row with different superscripts are significantly different from one another at P<0.05 Table 4 : Mean values of the blood parameters of Clarias gariepinus based on weight (g)
Major Components
Constituents of major components The mean concentration of platelets, Hb, granulocytes, monocytes and lymphocytes were significantly influenced by fish size (p<0.05). Medium-sized individuals (201-400 g) had fewer WBC, granulocytes and neutrophils but more RBC, Hb, monocytes, lymphocytes and platelets (Table 4) .
Mean ± SD
Basophils were more abundant in younger individuals (smaller weights) than older and larger individuals; however, basophils were not identified in some members of the samples (Table 4 ).
The C. gariepinus RBC concentrations observed in this study were higher than the 0.77 -1.55x10 6 mm -3 range given by Smith (1982) and Ekeocha (2005) . The RBC concentrations were also higher than those observed in hybrid Oreochromis spp. (Hrubec et al., 2000) , Chrysichthys spp. studied in Kwa rivers in Nigeria (Etim, 1994) and Cichlasoma dimerus (Vazquez, 2007) . The concentration and sizes of both Hb and erythrocytes have been attributed to the individual's excitement, apprehension, exercise, and energy levels (Coles, 1986) . Another factor that has been related directly and indirectly to RBC and Hb concentration is oxygen level, which, at low concentrations, can reduce these fish's number and cause respiratory stress (Brown, 1999) . Studies on Zebra larvae also showed that hypoxia can result in an increase in RBC levels (Pelster, 2004) . The habitat where an organism lives has a significant influence on the available nutrients and environmental factors that determine its blood constituent levels. Blood quality and quantity can be improved through proper management practices such as feeding and water quality enhancement (Nwabueze, 2012; Gabriel et al., 2004) . The brackish water species have higher RBC and Hb levels than their counterparts, which is essential for their survival in an environment characterised by a constant instability that subjects them to higher excitation, apprehension and exercise (Rutkovska and Medne, 2012) . Similarly, most freshwater species are active swimmers and require considerable energy to swim against the current unlike their pond water counterparts whose activities are confined within a limited area. Nwabueze (2012) recorded higher RBC and WBC concentrations of cultured Clarias gariepinus that were fed a diet that consisted of 0.5% garlic. Rutkosvska and Medne (2012) observed that the stability of a culture environment has a significant influence on the stability of blood parameters and constituents. The WBC levels recorded for the samples in this study were below the 5.82x10 6 mm -3 level recorded for C. nigrodigitatus (Etim et al., 1994) and the 19.07x10 3 mm -3 level recorded for Parachanna obscura (Kori -Siakpera et al., 2005) and rainbow trout (Oncorhynchus mykiss). The concentration of WBC increases immediately after feeding and reduces significantly following the use of anaesthetics or the occurrence of snake bites (Rutkovska & Medne, 2012) . The BW individuals have higher concentrations of leucocytes than lymphocytes, which is an indication of stress that could be associated with the method of catch (Ruani et al., 2000) and/or poor environmental condition.
The concentration of granulocytes was higher in the BW than in the PW or the FW. The levels were within the 4 -60% range specified for most fish species but higher than those of Sea bass (Dicentrarchus labrax -8%), white bream (Diplodus sargus -28%) and saupe (Sarpa salpa, 12%) (AMC, n.d.). The low concentration of basophils was in line with various studies that show that basophil levels are scanty or absent in many fish species such as brown trout (Blaxhall and Daisley,1973) , plaice (Ellis, 1977) , and Salmonids (AMC, n.d.).
The lower concentration of WBC in the PW suggests that culture waters are less polluted with disease-causing microbes than the natural habitats (FW and BW). The fluctuation in salinity and water levels; and the heavy discharge of effluents in the BW may have stressed the production of WBC in contrast to the cleaner FW ( Table 2 ). The high concentration of granulocytes in the BW indicates that the defense mechanisms of the species were dependent on the cytotoxic (inflammatory) response. Whereas, the high concentration of lymphocytes in the FW and the PW (whose water are fresher than the BW) implies that the species relies more on the humoral and cellular immune response. Female individuals have a significantly higher number of WBC than the males. Vazquez and Guerrero (2012) found no significant difference in the blood constituents of Cichlasoma dimerus based on sex.
CONCLUSIONS
Environmental factors affect haematological conditions, which, in turn, are reflected in physiological functions. Because production only results after physiological needs have been met, the sustainability of natural fishery resources largely depends on the maintenance of the natural environment. Significant effort should be made to maintain the integrity of aquatic environments for sustainable fish production.
